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REMARKS 

Claims 1-17 and 19-26 constitute the pending claims in the present application. Claims 
1-13, 16, and 19-21 are withdrawn as being directed to a non-elected invention. Applicants will 
cancel such claims upon indication of allowable subject matter. Claims 14, 17, 22-24, and 26 
have been amended. The amended claims are fully supported by the specification (e.g., page 4, 
lines 7-29). No new matter has been introduced. Applicants further submit that the amendments 
are made merely to expedite allowance of claims directed to most commercially relevant 
embodiments of the present invention. Applicants reserve the right to pursue claims of similar or 
differing scope in the future. 

Applicants note with appreciation that the Preliminary Amendment filed on June 30, 
2004 has been entered in full. 

Applicants respectfully request reconsideration in view of the following remarks. Issues 
raised by the Examiner will be addressed below in the order they appear in the prior Office 
Action. 

Election/Restriction 

The Examiner has acknowledged Applicants' election, with traverse, of Group IV (claims 
14-15 and 17-18) in the Response filed on June 30, 2004. Applicants note with appreciation that 
the Examiner has grouped newly added claims 22-26 into elected Group IV. 

Drawings 

As the Examiner suggested, Applicants will submit new formal drawings when the 
application is allowed. 

Information Disclosure Statement 

As the Examiner requested, Applicants enclose herewith a courtesy copy of PTO 1449 
filed with the Information Disclosure Statement on September 27, 2002. 

Claim rejections under 35 U.S.C. 112, first paragraph 
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Claims 14-15, 17, and 22-26 are rejected under 35 U.S.C. 1 12, first paragraph, as 
allegedly failing to comply with the enablement requirement. Applicants traverse these 
rejections to the extent that they are maintained in light of the amended claims. 

Specifically, the Examiner asserts that "[t]he instant claims are drawn to a method for 
identifying an antagonist or inhibitor of the activity of a polypeptide, or a fragment, derivative or 
ortholog thereof. These terms can read on as few as one or more amino acids ... the 
specification provide no guidance as to what amino acids may be changed without causing a 
detrimental effect to the protein to be produced. Further, it is unpredictable as to which amino 
acids could be removed and which could be added" (Office Action, page 4, lines 1-15). 

Applicants contend that the claims are enabled not only for the use of polypeptides 
encoded by the polypeptides encoded by the gene sequences provided in the disclosure (e.g., 
ygbB, yfhC, yacE, ychB, yejD, yrfl, yggj, yjeE, yiaO, yrdC, yhbC, ygbP, ybeY, gcpE, kdtB, pfs, 
ycaJ, M808, yeaA, yagF, bl983, yidD, yceG, and yjbC), but also for variants of these 
polypeptides (e.g., fragments, derivatives or orthologs). 

Nevertheless, solely to expedite prosecution of claims directed to commercially relevant 
subject matter, Applicants have amended claim 14 to more particularly define the structure and 
function of the fragment, derivative or ortholog. As amended, claim 14 recites that " said 
fragment, derivative or ortholog is a functional equivalent of the wildtvpe polypeptide ." 
Applicants submit that one of skill in the art, at the time the application was filed, could readily 
have prepared and tested the fragment, derivative or ortholog (e.g., for its ability to functionally 
rescue the bacterial cell in which the corresponding wildtype gene is deleted) satisfying the 
parameters in the relevant assays without undue experimentation. Moreover, this functional 
limitation overcomes the Office Action's concern over whether the fragment could be as small as 
a single amino acid. Applicants submit that at least several amino acids would be necessary to 
retain the function of the full-length sequence. 

Applicants submit that the characteristics of the fragment, derivative or ortholog are well 
defined in the specification. For example, the specification teaches that "the term 'fragment or 
derivative' denotes any variant the amino acid or nucleotide sequence of which deviates in its 
primary structure, e.g., in sequence composition or in length as well as to analogue components. 
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For example, one or more amino acids of a polypeptide may be replaced in said fragment or 
derivative as long as the modified polypeptides remain functionally equivalent to their described 
counterparts" (page 4, lines 7-11). The specification further describes that "[t]he term 
'orthologs' as used herein means homologous sequences in different species that evolved from a 
common ancestoral gene by speciation. Normally, orthologs retain the same function in the 
course of evolution" (page 4, lines 17-19). 

Further, Applicants respectfully point out that one of skill in the art could practice the 
present invention without necessarily knowing which amino acid substitutions, deletions, or 
insertions to make, since the fragment, derivative or ortholog of amended claim 14 is clearly 
defined structurally and functionally. Applicants submit that the techniques of combinatorial 
mutagenesis (Reidhaar-Olson and Sauer 1988, enclosed herewith as Exhibit A) and high 
through-put screening, known in the art at the time of filing, make the identification of variant 
polypeptides (e.g., fragments, derivatives or orthologs) routine, if not trivial. The fields of 
combinatorial and scanning mutagenesis had trivialized the once complex and painstaking 
process of making and testing polypeptide variants long before the filing of the present 
application. These techniques were routinely practiced, and allow a wide range of amino acid 
substitutions to be made and tested for the maintenance or disruption of functional properties 
without undue experimentation. Accordingly, techniques for synthesizing, testing, and 
identifying sequences which would possess the claimed structures and functions were well 
known in the art at the time of filing and routinely carried out. One of skill in the art faced with 
the task of constructing the variant polypeptides within the scope of the claims at the time this 
application was filed would not have approached the problem by trial and error. Instead, the 
skilled artisan would have used combinatorial mutagenesis without undue experimentation. 

The Examiner has cited three references (Rudikoff et al., Burgess et al., and Lazar et al.) 
to show that minor changes in an amino acid sequence may dramatically change a protein 
function. Although Applicants agree that it is possible to abolish activity of a given protein by 
changing a critical residue as disclosed by these cited reference, Applicants disagree that this fact 
means that a skilled artisan cannot make functional variants (e.g., fragments, derivatives or 
orthologs) of a protein without undue experimentation. In fact, Rudikoff et al. teach that "as 
many as eight or nine substitutions may occur in hypervariable regions with no significant effect 
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on hapten affinity or specificity" (page 1982, column 2, lines 1-2). Based on the teachings of 
Rudikoff et al., one can expect that substitutions in a given protein can produce variant proteins 
with normal or nearly normal activity. 

Applicants further point out that the making of polypeptide variants was and is routinely 
practiced in the art using common and routine laboratory techniques. One of skill in the art 
would know that conservative substitutions in an amino acid sequence would be likely to avoid 
significant changes in its activity. These substitutions can be made based on both the sequence 
data and on knowledge of the structure of the twenty amino acids. Amino acid substitutions can 
be chosen in order to maintain or disrupt the shape and charge density of a region of the protein, 
and one of skill in the art would have recognized that whether a particular amino acid 
substitution would maintain or disrupt a given region of a protein is highly predictable based on 
the structure of the twenty natural amino acids. For example, arginine and lysine are positively 
charged amino acids and the substitution of one for the other is routinely practiced in the art 
without significantly affecting the function of the overall sequence. 

In addition, Applicants point out that even if the claims encompass certain inoperative 
embodiments, that does not undermine the enablement of the claims as a whole. In accordance 
with MPEP 2164.08(b), "[t]he presence of inoperative embodiments within the scope of a claim 
does not necessarily render a claim nonenabled. The standard is whether a skilled person could 
determine which embodiments that were conceived, but not yet made, would be inoperative or 
operative with expenditure of no more effort than is normally required in the art." This standard 
has been upheld in the courts, and permits a claim to encompass a finite number of inoperable 
embodiments so long as inoperable embodiments can be determined using methodology 
specified in the application without undue experimentation. See, for instance, In re Angstadt, 
190U.S.P.Q. 214 (CCPA 1976). 

In view of the arguments and amendments presented above, Applicants submit that all 
pending claims as amended fully comply with the enablement requirement. Applicants assert 
that the cited references are rendered irrelevant in view of the claim amendments. Accordingly, 
reconsideration and withdrawal of the rejection under 35 U.S.C. 1 12, first paragraph, is 
respectfully requested. 
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Claim rejections under 35 U.S.C. 1 12, second paragraph 

Claims 14-15, 17, and 22-26 are rejected under 35 U.S.C. § 112, second paragraph, as 
allegedly being indefinite for failing to particularly point out and distinctly claim the subject 
matter which Applicants regard as the invention. Applicants respectfully traverse this rejection 
to the extent it is maintained over the claims as amended. 

First, the phrase "fragments, derivatives or analogues thereof in claims 14 and 17 is 
objected to as allegedly being vague and indefinite. After pointing out that the term "analogues" 
does not appear in the claims - it is "ortholog" instead, a term that has a very particular and well 
understood meaning - Applicants respectfully submit that these terms are amply supported by 
the specification. Furthermore, as described above, the present amendment recites that the 
fragment be functionally equivalent to the full-length sequence, effectively eliminating the 
possibility that the fragment could be as small as one amino acid; such short sequences would 
not retain the functional activity of the full-length sequence. 

As described above, the specification states that "the term 'fragment or derivative' 
denotes any variant the amino acid or nucleotide sequence of which deviates in its primary 
structure, e.g., in sequence composition or in length as well as to analogue components. For 
example, one or more amino acids of a polypeptide may be replaced in said fragment or 
derivative as long as the modified polypeptides remain functionally equivalent to their described 
counterparts. The term 'fragment or derivative' further denotes compounds analog to an 
antagonist or inhibitor that should have a stabilized electronic configuration and molecular 
conformation that allows key functional groups to be presented to the mentioned polypeptide in 
substantially the same way as the antagonist and inhibitor. The variant of the polypeptide may be 
a naturally occurring allelic variant of the polypeptide or non-naturally occurring variants of 
those polynucleotides." (page 4, lines 7-16). 

The specification further describes that "[t]he term 'orthologs' as used herein means 
homologous sequences in different species that evolved from a common ancestoral gene by 
speciation. Normally, orthologs retain the same function in the course of evolution. However, 
orthologous genes may or may not be responsible for a similar function (see, e.g., the glossary of 
the 'Trends Guide to Bioinformatics', Trends Supplement 1998, Elsevier Science). Orthologous 
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genes, nucleic acids or proteins comprise genes, nucleic acids or proteins which have one or 
more sequences or structural motifs in common." (page 4, lines 17-23). In addition, Applicants 
point out that all genes of the application were selected on the basis of conservation between 
twelve bacterial species, providing further support for the term "ortholog" in the claims. 

In view of the above descriptions in the specification, one of skill in the art would readily 
understand the term "fragment, derivative or ortholog thereof * in the pending claims. 

Second, the phrase "interaction of said polypeptide molecule with polypeptide" in claims 
22-23, 24, and 26 is objected to as allegedly being vague and indefinite. Applicants have 
amended claim 17 to recite a "molecule" instead of a "polypeptide molecule," and further 
specify that "wherein said molecule is a second polypeptide." Dependent claims 22-23, 24, and 
26 have been correspondingly amended to recite "said molecule." Applicants submit that claim 
17 makes it clear that the first polypeptide is encoded by a gene selected from ygbB, yfhC, yacE, 
ychB, yejD, yrfl, yggJ, yjeE, yiaO, yrdC, yhbC, ygbP, ybeY, gcpE, kdtB, pfs, ycaJ, M808, yeaA, 
yagF, bl983, yidD, yceG, or yjbC. Therefore, these amended claims are definite and clear to one 
skilled in the art. 

Third, the phrase "small molecule" in claim 25 is objected to as allegedly being vague 
and indefinite. Applicants submit the term "small molecule" is a term of art whose meaning was 
understood by those skilled in the art. A review of the literature prior to the priority date reveals 
that it was well accepted that small molecules are organic molecules with a molecular weight of 
less than about 1000 daltons. The term is used to differentiate these organic molecules from 
typical large biomolecules like nucleic acids, proteins, and complex carbohydrates like heparin 
and starch. In support of this understanding, Applicants respectfully direct the Examiner's 
attention to the following exemplary citations: 

(1) Free Radical Toxicology (Target Organ Toxicology Series) by Kendall B. 
Wallace, Publisher: Taylor & Francis; (June 1997), ISBN: 1560326328, which 
states on page 148 "... is associated with three chemically distinct types of 
oxidants formed by iron-mediated Fenton reactions in the presence of DNA. 
Small-Molecule Antioxidants Numerous small molecules (<1000 MW) with 
high reactivity toward oxidants have been described. Three of these, vitamin E, 
ascorbic acid, and glutathione, play essential ..." [emphasis added] 
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(2) Molecular Methods for Virus Detection by Danny Wiedbrauk and Daniel 
Farkas, Publisher: Academic Press, 1st edition (January 15, 1995), ISBN: 
0127489207, which states on page 154 "Electrochemiluminescent labels are 
relatively small molecules (—1000 dalton) that are extremely stable and may be 
coupled to nucleic acids, haptens, or proteins without affecting immunoreactivity 
or ..." [emphasis added] 

(3) Neurotoxicology: In Vitro by V. W. Pentreath (Editor), Publisher: Taylor & 
Francis; 1 edition (June 1, 1999), ISBN: 0748403884, which states on page 200 
"... Modalities of intercellular communication. Hormones (V) and growth factors 
(0) are transported to the targets via blood. Ions and small molecules (< 1000 Da) 
can pass through gap junctions from one cell to its neighbours and influence the 
function of the connecting cells. ..." [emphasis added] 

(4) New Frontiers in Cancer Causation: Proceedings of the Second International 
Conference on Theories of Carcinogenesis, by Olav Hilmar Iversen (Editor), 
Publisher: Taylor & Francis, (September 1993), ISBN: 1560322519, which states 
on page 186 "... (connexons). Each cell contributes a hemichannel composed of a 
hexamer of proteins (connexins). Clusters of these connexons allow ions and 
small molecules (below 1000 daltons) to freely equilibrate between coupled 
cells. There exists a family of highly conserved genes coding for these proteins 
..." [emphasis added] 

(5) Dermatotoxicology by Francis Nicholas Marzulli (Editor), Howard I. Maibach 
(Editor), Publisher: Taylor & Francis; 5th edition (February 1996), ISBN: 
1560323566, which states on Page 147 "... with skin proteins to form complete 
antigens and how these structures are recognized by T-cell receptors. SOME 
CHEMICAL REMINDERS Haptens (small molecules with a molecular mass 
less than 1000 Da) interact with biological macromolecules by mechanisms 
leading to the formation of bonds of various strengths between the two entities. 
..." [emphasis added] 

Copies of these articles are provided as Exhibit B. In addition, Applicants provide 
herewith a copy of a PubMed printout for a search of the term "small molecule". An exemplary 
page of twenty results roughly contemporaneous with the filing of the priority document is 
provided as Exhibit C, together with the abstracts of the last ten of these articles. All of these 
references use the term consistently with the above references, i.e., to refer to low molecular 
weight organic compounds, and the particular small molecules singled out by these references 
are all consistent with the understanding set forth above. Moreover, these articles use the term in 
the abstract and/or title - where it is critical that the matter being described be clear, simple and 
well understood. It would be unfathomable to use a term in the title or abstract that would invite 
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confusion or misunderstanding among those of ordinary skill in the art. And hundreds of 
references, as can readily be seen, used the term "small molecule" in a similar manner well 
before the filing of the present application. Accordingly, Applicants submit that the citations 
taken together are indicative of the well accepted meaning of small molecules or small organic 
compounds, and that the meaning of such terms would be understood by one skilled in the art. In 
re Hammack, 166 USPQ 204, 208 (C.C.P.A 1970). 

In view of the above amendments and remarks, all pending claims have satisfied the 
requirements under 35 U.S.C. § 112, second paragraph. Reconsideration and withdrawal of the 
rejections are respectfully requested. 

CONCLUSION 

For the foregoing reasons, Applicants respectfully request reconsideration and 
withdrawal of the pending rejections. Applicants believe that the claims are now in condition for 
allowance and early notification to this effect is earnestly solicited. Any questions arising from 
this submission may be directed to the undersigned at (617) 951-7000. 

If there are any other fees due in connection with the filing of this submission, please 
charge the fees to our Deposit Account No. 18-1945. If a fee is required for an extension of 
time under 37 C.F.R. § 1.136 not accounted for above, such an extension is requested and the fee 
should also be charged to our Deposit account. 

Date: December 30, 2004 

Customer No: 28120 
Docketing Specialist 
Ropes & Gray LLP 
One International Place 
Boston, MA 02110 
Phone: 617-951-7000 
Fax:617-951-7050 



Respectfully Submitted, 

David P. Halstead, Ph.D. 
Reg. No. 44,735 
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Combinatorial Cassette Mutagenesis as a 
Probe of the Informational Content 
of Protein Sequences 

John F. Reidhaar-Olson and Robert T. Sauer 



A method of combinatorial cassette mutagenesis was 
designed to readily determine the informational content 
of individual residues in protein sequences. The technique 
consists of simultaneously randomizing two or three 
positions by oligonucleotide cassette mutagenesis, select- 
ing for functional protein, and then sequencing to deter- 
mine the spectrum of allowable substitutions at each 
position. Repeated application of this method to the 
dimer interface of the DNA-binding domain of A repres- 
sor reveals that the number and type of substitutions 
allowed at each position are extremely variable. At some 
positions only one or two residues are functionally accept- 
able; at other positions a wide range of residues and 
residue types are tolerated. The number of substitutions 
allowed at each position roughly correlates with the 
solvent accessibility of the wild-type side chain. 



IT HAS BEEN MORE THAN 20 YEARS SINCE ANFINSEN AND HIS 
colleagues showed that the sequence of a protein contains all of 
the information necessary to specify the three-dimensional 
structure (1). However, the general problem of predicting protein 
structure from sequence remains unsolved. Part of the difficulty may 
stem from the complexity of protein structures. Although some 200 
protein structures are known, no rules have emerged that allow 
structure to be related to sequence in any simple fashion (2). The 
problem is further complicated by the nonuniformity of the struc- 
tural information encoded in protein sequences. Some residue 
positions are important, and changes at these positions can tip the 
balance between folding and unfolding (3-7). Other residues are 
relatively unimportant in a structural sense and a wide range of 
substitutions or modifications can be tolerated at these positions (3, 
7-9). 

If only a fraction of the residues in a protein sequence contribute 
significandy to the stability of the folded structure, then it becomes 
important to be able to identify these residues. We now describe the 
results of genetic studies that allow the importance of individual 
residues in protein sequences to be rapidly determined. Specifically, 
we determine the spectrum of functionally acceptable substitutions 
at residue positions near the dimer interface of the NH2- terminal 
domain of phage lambda (X) repressor {10). The NH 2 -terminal 
domain binds to operator DNA as a dimer, with dimerization 
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mediated by hydrophobic packing of a helix 5 of one monomer 
against a helix 5' of the other monomer (11) (Fig. 1, A and B). 
Without helix 5 there are no contacts between the subunits (Fig. 
1C). By applying combinatorial cassette mutagenesis to the helix 5 
region, we find that the number and spectrum of allowable substitu- 
tions within helix 5 are extremely variable from residue to residue. 
In most cases, this variability can be rationalized in terms of the 
fractional solvent accessibility of the wild-type side chain. 

General strategy. For our studies, we used a plasmid- borne gene 
that encodes a functional, operator- binding fragment (residues 1- 
102) of \ repressor (12). The binding of the 1-102 fragment to 
operator DNA depends on dimerization which, in turn, depends on 
the helix 5-helix 5' packing interactions (11, 13). Thus, if a 1-102 
protein retains normal operator-binding properties, we can infer 
that it is able to dimerize normally. 

Mutagenesis of the helix 5 region was performed by a combina- 
torial cassette procedure. One example of this method, in which 
codons 85 and 88 are mutagenized, is illustrated in Fig. 2. On the 
top strand, the mutagenized codons are synthesized with equal 
mixtures of all four bases in the first two codon positions and an 
equal mixture of G and C in the third position. The resulting 
population of base combinations will include codons for each of the 
20 naturally occurring amino acids at each of the mutagenized 
residue positions. On the bottom strand, inosine is inserted at each 
randomized position because it is able to pair with each of the four 
conventional bases (14). The two strands are then annealed and the 
mutagenic cassette is ligated into a purified plasmid backbone. 

To identify plasmids encoding functional protein, we selected 
transformants for plasmid-encoded resistance to ampicillin and for 
resistance to killing by d~ derivatives of phage \. The latter selection 
requires that the cell express 1-102 protein that is active in operator 
binding (75). For each mutagenesis experiment, many independent 
transformants were chosen, single-stranded plasmid DNA was 
purified, and the relevant region of the 1-102 gene was sequenced. 
The resulting set of sequences provides a list of functionally 
acceptable helix 5 residues. 

Substitutions in the helix 5 region. In separate experiments with 
different mutagenic cassettes, the codons for helix 5 residues 85 and 
88; 86 and 89; 90 and 91; 84, 87, and 88; and 84, 87, and 91 were 
mutagenized, and genes encoding active 1-102 proteins were 
selected. In some cases, the survival frequency was low. For example, 
only 17 of 60,000 transformants passed the selection after random- 
ization of codons 84, 87, and 88. In this case, each active candidate 
was sequenced. By contrast, 1,200 of 50,000 transformants passed 
the selection in the mutagenesis of positions 86 and 89 (16). In this 
case, we picked 50 candidates for sequence analysis. Overall, 150 
active genes were sequenced (Table 1). In addition, we sequenced 
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approximately 40 genes that had been mutagenized, but not subject- 
ed to a functional selection. These serve as controls for the efficiency 
of mutagenesis and also provide examples of helix 5 mutations that 
result in inactive 1-102 proteins (Table 1). 

Many of the active sequences contain at least two residue changes 
compared to wild type. In principle, some of these changes could be 
compensatory; for example, residue X might be functionally allowed 
at position 85 only in combination with residue Z at position 88. 
This cannot be generally true, however, because most residue 
changes at one position were recovered in combination with several 
different changes at the other position or positions. It is therefore 
likely that most substitutions that are functionally acceptable in 
multiply mutant backgrounds would also be allowed as single 
substitutions. In Fig. 3, we show the spectrum of functionally 
acceptable substitutions at residue positions 84 to 91. 

From the list of allowed substitutions, several conclusions may be 

Table 1. Sequences for the helix 5 region of active and inactive mutants 
obtained by combinatorial cassette mutagenesis. Active mutants arc resistant 
to phage \KH54; these are grouped by cassette, with the wild-type sequence 
at the top of each group and randomized positions in boldface. Asterisks 
indicate sequences of mutants obtained in the absence of a functional 
selection. The activity of these mutants was subsequently determined by a 
screen. Numbers next to sequences indicate the number of times particular 
mutant sequences were obtained. Numbers at the tops of the columns 
indicate amino acid positions. The one-letter abbreviations for the amino 
acids arc: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, He; K, 
Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, 
Val; W, Trp; and Y, Tyr. 
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drawn concerning the structural requirements at various positions in 
helix 5. We now consider these residue positions in order of 
decreasing "informational content," where this term is roughly 
defined as a value that decreases as the number of allowed substitu- 
tions increases. Thus, the informational content of a residue position 
is highest if only the wild-type amino acid is allowed and is lowest if 
each of the 20 naturally occurring amino acids is allowed. 

Positions 84 and 87 in particular stand out as having a high 
informational content. He appears to be the only acceptable residue 
at position 84. Both Met and Leu are residues of similar size and 
hydrophobicity, and are the only two residues that appear to be 
functional at position 87. The side chains of He 84 and Met 87 form a 
major part of the helix-helix packing interaction at the dimer 
interface, where He 84 of one subunit packs against Met 87 ' of the 
other subunit, and vice versa (Fig. 4). This cluster of four residues 
also contacts the globular portions of the domain. Solvent accessibil- 
ity calculations by the method of Lee and Richards (17) show that 
the He 84 and Met 87 side chains are almost completely buried (92 to 
98 percent solvent inaccessible) in the structure of the dimer. We 
assume that replacement of He 84 or Met 87 with smaller side chains 
would diminish dimerization because hydrophobic and van der 
Waals interactions would be lost. In fact, mutant repressors contain- 
ing Ser 84 or Thr 87 are defective in dimerization (13, 18). Replacing 
He 84 or Met 87 with larger residues would also be expected to be 
detrimental because substantial structural rearrangements would be 
required to accommodate larger side chains. 

Seven residues (Leu, He, Val, Thr, Cys, Ser, and Ala) are 
functionally acceptable at position 91. Aromatic residues, charged 
residues, and strongly hydrophilic residues are not found. The wild- 
type Val side chain is partially buried in the dimer structure, with the 
Gy2 methyl group packing against the C51 methyl group of the 
He 84 ' side chain. Although some of the acceptable substitutions such 
as He and Thr could make equivalent packing contacts, others such 
as Ala and Ser could not. 

Nine residues (Trp, His, Met, Gin, Leu, Val, Ser, Gly, and Ala) 
are acceptable at position 90. There is a surprisingly large range in 
both the acceptable size and hydrophilicity of these side chains. This 
is especially true as the Cp methyl group of the wild-type Ala is 
almost completely buried in the structure of the dimer and, at first 
glance, it would appear that larger side chains could not be 
accommodated. However, the inaccessibility of the Cp methyl 
group of Ala 90 is largely caused by the Lys 67 ' side chain, which packs 
against it. By rotating the Lys 67 side chain away, we were able to 
introduce a Trp 90 side chain by model-building without steric 
clashes. Rotation of the Lys 67 ' side chain away from Ala 90 should 
not be energetically costiy and, in fact, is observed in crystals of the 
NH 2 - terminal domain bound to operator DNA (19). 

Nine different residues (Trp, Tyr, Phe, Met, He, Val, Cys, Ser, and 
Ala) are functionally acceptable at position 88. There are large 
variations in the sizes and volumes of the acceptable side chains, 
although most are relatively hydrophobic. Charged residues and 
other strongly hydrophilic residues are not observed. In the wild- 
type dimer (ll) y the aromatic ring of Tyr 88 stacks against the ring of 
Tyr 88 '. The side chains of Trp, Phe, Met, He, and Val could probably 
form some type of packing interaction at this position, although 
those of Ala and Ser could not. It is known that the presence of Cys 
at position 88 allows a stable Cys 88 -Cys 88 ' disulfide bond, which 
links the monomers in a conformation that is active in operator 
binding (20). 

Positions 85, 86, and 89 show considerable variability. At each of 
these positions, 13 different amino acids were found to function. At 
positions 85 and 86, aromatic, hydrophobic, polar, and charged 
residues are all acceptable. At position 89, aromatic residues were 
not represented, but each of the remaining classes was observed. In 
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Fig. 1. Three views of the DNA-binding domain of K repressor, showing the 
role of helix 5 in dimerization. (A) Proposed complex of repressor dimer 
with operator DNA (11). Helix 5 of each monomer is colored more lightly 
than the globular portion of that monomer. (B) Free repressor dimer, 



rotated 90° from the view in (A), to show the "back side" of the molecule. 
(C) Dimer with helix 5 of each monomer removed. This view illustrates the 
role helix 5 plays in mediating dimerization (26). 
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Fig. 2. Schematic diagram showing the combinatorial cassette mutagenesis 
procedure. At positions indicated as N, an equal mixture of A, G, C, and T 
was used during oligonucleotide synthesis. At positions indicated as I, 
inosine was used. After synthesis, the oligonucleotides were phosphorylated, 
annealed, and ligated into the Xho I-Sph I backbone of plasmid pJO103. 
Plasmid pJO103 is an M13 origin plasmid with the 1-102 gene under 
control of a tac promoter; the region of the 1-102 gene encoding residues 
82-93 (the small Xho I-Sph I fragment) is replaced by an unrelated 1.9-kb 
Xho I-Sph I "stuffer" fragment. Ligated DNA was transformed into 
Escherichia coli strain X90 F7«I Q cells (27), and ampicillin-resistant colonies 
were selected in the presence or absence of phage XKH54. Candidates that 



Sphl 



survived the selection were cross-streaked against a scries of virulent derivatives of phage X to confirm their immunity properties [strains and methods are de- 
scribed in (21)}. Single-stranded plasmid DNA was purified from an M13RV1 transducing lysate as described (28), and DNA sequences were determined by 
the didcoxy method (29), 




the wild-type dimer, the side chains of Tyr 85 , Glu 86 , and Glu 89 are 
relatively solvent accessible. 

Several amino acids are significantly underrepresented among the 
active sequences. For example, Pro is never found. This cannot be an 
artifact of our mutagenesis procedure because Pro is frequently 
observed among the unselected mutant sequences (Table 1). We 
conclude that Pro is not found among the functional sequences 
because it is selected against; its presence would presumably disrupt 
the a-helical structure and thereby the helix-helix packing at the 
dimer interface. 

His, Asn, and Lys are also underrepresented among the functional 
helix 5 sequences. These residues are presumably not acceptable at 
positions 84 and 87, where the informational content is extremely 
high, and may not be acceptable at positions 88 and 91, where the 
functional substitutions are generally hydrophobic in character. The 
acceptability of these residues at positions such as 85 and 86 is 
difficult to assess from our experiments because the codons for these 
residues are present at reasonably low frequencies even among the 
unselected sequences. In these cases, we probably have not se- 
quenced a large enough number of candidates to be confident that 
all acceptable substitutions have been identified. In fact, data from 
reversion studies (21) and suppressed amber studies (22) show that 
His 85 and Lys 86 are acceptable substitutions in the context of the 
intact \ repressor molecule. 

Informational content and protein structure. We have com- 
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Fig. 3. Functionally acceptable residues in the helix 5 region. The amino 
acids arc listed from top to bottom in order of increasing hydrophobicity 
according to the scale of Eiscnberg et at. (30). 



bined an efficient combinatorial mutagenesis procedure and a 
functional selection to probe the informational content of the eight 
residues that form the major part of the dimerization interface of the 
NH 2 - terminal, operator- binding domain of X repressor. At two of 
these eight residue positions, the functionally acceptable choices are 
highly restricted. For example, we analyzed 17 functional genes in 
which codon 84 had been randomized and recovered the wild-type 
residue, He, in every case. This is clearly a position of high 
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Fig. 4. Helix 5 residues high 
in informational content. The 
two isolated helix 5 regions of 
the protein are shown in 
green and blue. lie 84 and 
Met 87 from the green helix are 
shown in yellow; lie 84 and 
Met 87 from the blue helix are 
shown in red. 




He 84 Tyr 85 Glu 86 Met 87 Tyr 88 Glu 89 Ala 90 Val 91 



Residue 

Fig. 5. Correlation between the solvent accessibility and the number of 
functionally acceptable substitutions. Hatched bars indicate the percentage 
of the 20 naturally occurring amino acids that are functionally acceptable at a 
residue position. Black bars indicate the fractional solvent accessibility of the 
wild-type side chain in the dimer. Solvent accessibilities for the NH 2 - 
tcrminal domain dimer (11) were computed using a 1.4 A probe by the 
method of Lee and Richards (17). Fractional accessibilities were obtained by 
dividing by the appropriate side chain accessibilities calculated for the 
monomer. The fractional accessibilities change only slightly if the side chain 
accessibilities in the reference tripeptide Ala-X-Ala (J 7) are used instead as 
the reference state. 

informational content. The informational content is also high at 
position 87, where Met and Leu are the only acceptable residues. By 
contrast, the remaining positions have moderate to low informa- 
tional contents. For example, among 38 functional genes in which 
codon 85 had been randomized, the wild-type residue was recovered 
only once, and 12 other residues, differing in size and chemical 
properties, were recovered in the remaining cases. This is clearly a 
position of low informational content. It is striking that most of the 
structural determinants of dimerization in this eight-residue seg- 
ment reside in two residues only. The remaining positions are 
surprisingly tolerant of a wide range of substitutions. If this high 
level of tolerance is generally true of protein sequences, then the 
problem of understanding and predicting structure may rest largely 
on the ability to identify those few residues that are crucial. 

The positional variability of the informational content in helix 5 
can, in general, be rationlized in terms of the solvent accessibility of 
the wild- type residues in the crystal structure (li). There is a rough 
correlation between the number of acceptable substitutions and the 
fractional extent to which the wild-type side chain is solvent 
accessible (Fig. 5). At exposed surface positions such as 85, 86, and 
89, we find that many different residues and residue types can be 
functionally accommodated. By contrast, at positions such as 84 and 



87, where the wild-type side chain is almost completely buried, we 
find that the functionally acceptable residue choices are extremely 
restricted. There is one apparent exception to the simple rule that 
buried residues are high in informational content. Ala is inaccessi- 
ble to solvent in the crystal structure, and yet we find that many 
substitutions are allowed at this position. However, the inaccssibi- 
lity of the Ala 90 side chain to solvent is not due to close packing at 
the dimer interface, but rather to an interaction with a nearby 
surface side chain. This side chain can presumably move to allow 
larger side chains to be accommodated at position 90. Examples of 
this type demonstrate the need to distinguish between two types of 
buried side chains: those that can become exposed by relatively 
minor rearrangement of other side chains, and those that are tightly 
packed in the hydrophobic core. 

There is no reason to assume that there should always be a strict 
correlation between the solvent accessibility of a residue and the 
structural informational content of that position. For one thing, the 
chemical properties of the 20 amino acids are not related in any 
simple linear fashion. Moreover, the structural importance of some 
residues in proteins almost certainly stems from interactions other 
than simple hydrophobic packing. Nevertheless, the closely packed 
nature of protein interiors (23) provides a simple molecular explana- 
tion for the structural importance of buried residues, and destabiliz- 
ing mutations are commonly found to affect hydrophobic core 
residues (3-7). By contrast, missense mutations or chemical modifi- 
cations that affect surface residues are often found to have little or no 
influence on protein stability (3, 7, 8). Thus, it is reasonable that 
solvent accessibility should be an extremely important determinant 
of the informational content of a residue position. 

Our overall strategy for rapidly probing informational content 
should be broadly applicable to a wide range of protein structure- 
function problems in systems where genetic selections or screens can 
be devised. The method consists of three basic elements: (i) the use 
of cassette mutagenesis to introduce extremely high levels of target- 
ed random mutagenesis; (ii) the use of a functional selection to 
identify genes encoding active proteins; and (iii) the use of rapid 
DNA sequencing methods to determine the spectrum of functional- 
ly acceptable residues in a relatively large number of candidates. Our 
method of combinatorial cassette mutagenesis (Fig. 2) allows several 
residue positions to be mutagenized at the same time and, in 
principle, generates a mutant population in which each of the 20 
amino acids is represented at each mutagenized position (24). When 
two or three codons are mutagenized at the same time, the entire 
analysis is able to proceed more rapidly. Moreover, at this level of 
mutagenesis most two-residue and three-residue combinations 
should be present in the mutagenized population and should be 
recovered if they result in a functional protein. In our study of the 
packing of the 84 and 87 side chains, we recovered only two (He 84 
with Met 87 and He 84 with Leu 87 ) of the 400 possible residue 
combinations. Thus, because both positions were mutagenized in 
the same experiment, we are able to conclude that there are not 
significandy different ways of packing the dimer interface. 

In principle, data like that shown in Fig. 3 could be generated for 
an entire protein sequence, and additional experiments could be 
devised to determine whether die positions of high informational 
content were important for structure or function. For proteins of 
unknown structure, such data might be quite useful for structural 
predictions. First, current predictive algorithms could be applied to 
the family of related sequences generated by our method, as each of 
these sequences is able to form the same basic structure. Second, 
because of their fundamental repeats, a-helical and p-strand regions 
might be recognized by characteristic patterns of high and low 
informational content. Third, the positions of highest structural 
informational content should include the residues involved in 
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formation of the hydrophobic core of the protein. This information 
might prove useful in combination with the tertiary template ideas 
recendy proposed (25). 
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I. GENERAL INTRODUCTION 



Chemiluminescence, the emission of light from a chemical reaction, has 
been studied extensively for many decades. Chemiluminescent processes 
constitute a very special class of chemical reactions in which products (or 
intermediates) are produced in electronically excited states that are very 
short-lived and rapidly decay with concomitant emission of light. Similar 
chemiluminescent reactions, called bioluminescence, occur in nature in spe- 
cies as diverse as the firefly (Photinus pyralis), marine bacteria (Vibrio har- 
veyi),and others. Most chemiluminescence reactions involve oxidations of 
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a variety of organic compounds as well as naturally occurring materials 
resultmg m the generation of light-emitting excited states. This phenomenon 
wa^first descnbed with synthetic organic compounds in 1877 (RadSzewsk" 

Chemiluminescent reactions do not produce very high intensity light 
25"? T USC IT V efficiCnt qUenching P rocesses "hat compete wkhfhe 
bfen uIL Se y t f eXCUed StatCS - Nevertheles *. chemiluminescence has 
been used effectively as a very sensitive detection system in many aoolica 
Uons (Carter and Kricka, 1982; Harber, 1982; Kricka and Carter 1982) 

f f USC n ° baC 1 k ? round ■« generated since the emitting 

excited state ,s created m a dark chemical reaction (compared to scattered 
exc,tatK,n hght ,n fluorescence.) Therefore, in theory every photon detec ed 

cuL Tf °i! he aSSay - ™ s featUre of chemiluminescent mole 
cules-coupled wnh long shelf-life, elimination of hazards associated w th 
the use of rad,oisotopes, and their detectability at lO"*' moles (detection of 
f992r m l?l ataSe 7'! h Chemilumi — ' dioxetane substrate; Kricka 
STyT ridlln Ltyr 3 reP ° rter SyStCm f ° r - ™ 

oH«| In • hiS f Ch ?? e 'i WC deSCribe the Use of various chemiluminescence meth- 
df,c ?S ,eS f the t detectlon of viruse * ^ DNA hybridization assays. A^hort 
IT^Z^ ^ 'nstrumentahon used in chemiluminescence measurement £ 



CHEMILUMINESCENCE METHODS 

Dioxetanes 



f s 7h^ n , eS T four ; membered cvc,ic Peroxides that have been implicated 
as short-hved unstable intermediates in oxidation reactions tha t resulUn 

ofhe? r n ? SCenCe (McCapra ' 1966) - Thus > ^-dioxetanes differ rom l " 
other chemuum.nescence systems because these compounds do noTreauhre 

Sated 1 / 0 , Iight k Recentlv ^eloped 1,2-dio'xetanes that Sn be 
TZ t V? ,um,nesce bv enzymes have been used successfully for bio! 
2S X e , d ?, Ct, ° n - De P hos P h °^lation of adamantyl- and dSized ad- 
amantyl-l,2-d,oxetane phosphate substrates, such as AMPPd" Sium 
3 ;< 4 - m ethoxyspiro{l,2-dioxetan^^^ 

Phosphate] and CSPD® [disodium 3-(4-mefhoxyspi o W 

tase results n the formation of a destablized anion that fragments further to 
form an exated state of methyl ™,a-oxybenzoate anion £ emifs 7ighl at 
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477 nm (Fig. 1; Bronstein et aL, 1989a, 1991; Bronstein and Dimond, 1990; 
Bronstein and Sparks, 1992). 

1,2-Dioxetane substrates for alkaline phosphatase are widely used in 
DNA hybridization assays (Bronstein, et aL, 1990; Pollard-Knight et aL, 
1990b; Tumolo et aL, 1992). DNA probes are labeled with alkaline phospha- 
tase either indirectly, with a biotin or hapten label followed by binding 
streptavidin- or antibody-alkaline phosphatase conjugates, or directly by 
covalent bonding to enzyme (oligonucleotide probes). Biotin has been the 
most popular ligand for indirect labeling, but hapten labels other than biotin 
have also been employed including digoxigenin, fluorescein, and 2,4-dinitro- 
phenyl. Dioxetane-based chemiluminescent indirect labeling and detection 
systems for DNA hybridization assays, as well as for immunoassays and 
DNA sequencing, are widely available from many commercial suppliers. 
With a nick-translated biotinylated DNA probe, as little as 380 fg (7.9 x 10 4 
copies) of target pBR322 DNA can be detected on a Southern blot (Bronstein 
et aL, 1990). Using digoxigenin-labeled random-primed DNA probes with a 
membrane-based assay and photographic film detection, a sensitivity level 
of 10-50 fg of target DNA was obtained for the detection of purified cytomega- 
lovirus (CMV) or parvovirus B19 DNA (Musiani et aL, 1991a). 

Direct labeling of oligonucleotide probes with alkaline phosphatase 
(Jablonski et aL, 1986) is possible with systems from Promega (Madison, 
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Figure 1 Chemiluminescent decomposition of CSPD® 1,2-dioxetane triggered by enzymatic 
dephosphorylation. 
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WI) and Cambridge Research Biochemicals (Wilmington, DE). The detection 
of a single copy gene in 0.25 fig human genomic DNA with Southern blot 
analysis has been achieved with an alkaline phosphatase-labeled oligonucleo- 
tide probe (Cate et a/., 1991). 

Comparisons have shown that the sensitivity of alkaline phosphatase- 
dioxetane chemiluminescence detection is comparable to or better than that 
of 32 P-based detection. In a human genomic Southern blot analysis of the 
tissue plasminogen activator gene, the sensitivity achieved with an alkaline 
phosphatase-labeled oligonucleotide probe was 12-fold higher than that 
achieved with the same 32 P-5 '-end-labeled probe, and the speed of detection 
was enhanced 40-fold with the alkaline phosphatase-labeled probe (Cate et 
aL, 1991). Slot blot hybridization of human serum samples with the alkaline 
phosphatase-labeled AmpliProbe® system (ImClone Systems, New York) 
showed a higher sensitivity in the detection of hepatitis B virus (HBV) 
relative to 32 P-Iabeled nick-translated probes (Yang et aL, 1991). Similar 
sensitivities were obtained with an indirect digoxigenin-labeled probe and a 
random-primed 32 P-labeled probe in a dot blot hybridization assay for ampli- 
fied human immunodeficiency virus type 1 (HIV-1) DNA (Zachar et al 
1991). 

The sensitivity of alkaline phosphatase-dioxetane chemiluminescence 
detection has been shown to be superior to other nonisotopic systems based 
on colorimetric detection in membrane-based hybridization assays 
(Bronstein and Kricka, 1989; Bronstein and Voyta, 1989; Bronstein et aL, 
1989c; Musiani et aL, 1991a,1992). Finally, alkaline phosphatase-dioxetane 
detection has been demonstrated to be two to five times more sensitive than 
enhanced luminol chemiluminescent detection (described subsequently) in 
a solution hybridization assay system (Clyne et aL, 1989; Urdea et al., 1990). 
Furthermore, the alkaline phosphatase-dioxetane detection system consists 
of fewer components, which are more stable than those required for an 
enhanced luminol chemiluminescent reaction (Beck and Koster, 1990). Al- 
though several other alkaline phosphatase-based chemiluminescent assays 
also exist, involving alternative substrates and coupled reactions, the most 
sensitive and widely used assays are those with 1 ,2-dioxetane substrates (for 
review of alternative systems, see Kricka, 1991). 

B. Luminol 



Luminol and other cyclic diacylhydrazide derivatives can be oxidized in the 
presence of peroxide and peroxidase to generate an unstable intermediate 
in the excited state that chemiluminesces. Luminols can be used as direct 
chemiluminescent labels or as the chemiluminescent detectors of a peroxi- 
dase enzyme label (Kricka, 1991). Activation of luminol chemiluminescence 
with horseradish peroxidase (HRP) using an enhanced luminol system (en- 
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hanced chemiluminescence, ECL) has been done in DNA hybridization 
assays (Matthews et al, 1985; Durrani et al, 1990; Durrant 1992) and 
immunoassays (reviewed by Bronstein and Sparks, 1992; Whitehead et al 
1983; Thorpe et al, 1985; Kricka et al, 1987). 

DNA probes can be labeled indirectly with HRP by binding streptavi- 
din-HRP or anti-hapten-HRP conjugates or covalently by direct enzyme 
conjugation with oligonucleotides and longer double-stranded DNAs The 
detection of single copy genes in 0.5 M g human genomic DNA has been 
reported with indirectly labeled probes (Simmonds et al, 1991) Direct HRP- 
labeled DNA probes have been used for both membrane-based DNA hybrid- 
ization assays (Pollard-Knight et al, 1990a; Simmonds et al, 1991) and 
solution-phase hybridization assays (Urdea et al, 1990). Detection of a 
single-copy gene on a Southern blot of <2 fig human genomic DNA, with 
a sensitivity of <1 amol target DNA, has been demonstrated (Pollard-Knight 
et al, 1990a) using direct HRP-labeled probes 0.3-5.1 kb in length. Similar 
sensitivity (1 amol target DNA) was also reported by Durrant et al (1990) 
Both indirect and direct HRP labeling systems for nucleic acids and detection 
systems for HRP-catalyzed chemiluminescent reactions (ECL gene detection 
system) are available from Amersham (Arlington Heights, IL). 



C. Acrldinium Esters 




Acndinium esters (AE) are direct chemiluminescent labels for antibodies 

S 6 vr V ' 1983) and DNA probes (Se P tak ' 1989 5 Ne 'son and Kacian, 
1990; Nelson et al., 1992), in contrast to dioxetane and luminol systems, in 
which an enzyme label catalyzes the chemiluminescent reaction N-Methyl 
acndinium esters react with hydrogen peroxide under basic conditions to 
yield an excited state W-methylacridone which emits light at 430 nm (reviewed 
by Nelson and Kacian, 1990). Oligonucleotide DNA probes can be labeled 
convalently with AEs by reaction of modified N-hydroxysuccinimide-AE 
with a primary alkyl amine on a linker arm that was previously incorporated 
during oligonucleotide synthesis (Nelson and Kacian, 1990). Preparation of 
AE-Iabeled oligonucleotide probes has also been described by Septak (1989) 
The AE label does not affect probe hybridization characteristics; relatively 
large amounts of clinical specimen material may be used without interfering 
with hybridization and detection of AE-labeled probes. 

Probe hybridization and detection reactions are performed in solution 
using either separation or nonseparation formats. In a separation or heteroge- 
neous assay, hybridized probe may be separated and detected by selective 
binding to microspheres, which can be separated from solution magnetically 
In a nonseparation or homogeneous format, also termed a hybridization 
protection assay (HPA), the ester bond of the unhybridized probe can be 
nydrolyzed by differential chemical hydrolysis, thus rendering its AE label 




nonchemiluminescent, whereas the AE label of the hybridized probe is mini- 
mally affected (Nelson and Kacian, 1990). This type of assay is possible 
because hybridization provides an intercalation site for the AE label thereby 
protecting the AE molecule residing in the hybridized region from hydrolysis 
(Arnold et al., 1989). 

The sensitivity of this detection system is approximately 5 x 10 - ,9 mol 
AE-labeled oligonucleotide, and the linear dynamic range is greater than 
four orders of magnitude (Nelson and Kacian, 1990). Similar sensitivities for 
the detection of an amplified sag sequence (4 HIV proviral copies per 150 000 
cells) were achieved with colorimetric, chemiluminescence and 32 P-labe'line 
methods (Ou et al., 1990; Rapier et al., 1993). Schmidt (1991) was able to 
detect 0.05 fmol target HIV-1 DNA with AE-labeled gag probes and obtained 
greater sensitivity with chemiluminescence than with the same 32 P-end- 
labeled probe in a dot blot hybridization assay. 

Electrochemiluminescence 

Electrochemiluminescence is a process in which the excited state products 
are generated via an electrochemical reaction (Faulkner and Glass 1982) 
Electrochemiluminescence occurs when specific metal chelates such as ru- 
thenium (II) tris(bipyridyl) [Ru(bpy)H, utilized as labels, undergo a series 
of chemical reactions at an electrode surface. Electrochemiluminescent la- 
bels for DNA hybridization assays have been utilized in a highly sensitive 
simple and versatile assay system. Oligonucleotide probes, synthesized with 
a tree 5 -ammo group, are readily labeled with Ru(bpy)f + -NHS ester (Black- 
u'f'u Kenten etaL ' 19911 Alternatively, oligonucleotide probes 
may be labeled during synthesis by incorporating labeled phosphoramidites 
(Kenten et al., 1992; DiCesare et al., 1993). 

Electrochemiluminescent labels are relatively small molecules (-1000 
dalton) that are extremely stable and may be coupled to nucleic acids hap- 
tens, or proteins without affecting immunoreactivity or hybridization charac- 
teristics. The dynamic range for detection of these labels has been reported 
to be over six orders of magnitude (Blackburn et al, 1991). These advantages 
compared with other nonisotopic detection methods, provide potential wide 
utility in automated nonradioactive clinical diagnostic assays, including both 
DNA hybridization and immunoassay formats. A disadvantage of electro- 
chemiluminescence, however, is a need for specialized instrumentation that 
can induce generation of electrochemically-excited states coupled with sensi- 
tive light detection. 

Blackburn et al. (1991) used electrochemiluminescence detection with 
a DNA probe assay to quantify polymerase chain reaction (PCR)-amplified 
HIV-1 gag sequences. Double-stranded biotinylated PCR product was cap- 
tured on streptavidin-coated microparticles and treated with alkali. 
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Ru(bpy) 3 2 +-labeled oligonucleotide probe was then hybridized to the particle- 
bound DNA, washed, and quantified. A linear response was generated over 
the range of 50 to 2000 gene copies, and the detection of less than 10 copies 
of the HIV-1 gag was attained. An automated system for electrochemilum- 
inescence quantification of PCR products (QPCR System 5000; Perkin-Elmer 
Corporation, Norwalk, CT) has been developed (DiCesare et aL, 1993) and 
is used for detection of viral disease. This system provides detection limits 
of 10-200 amol and a linear dynamic range greater than three orders of 
magnitude. The system has been used for the detection of HIV-1 over a 
range of 3 to 10 6 copies of target DNA (Wages et aL, 1993). 

Because of the electrogeneration of the emitting species, which requires 
contact of the metal chelate label with an electrode, it is difficult to envision 
that simple membrane-based blotting assays that can be imaged on film could 
be designed using electrochemiluminescence. 

F. Bioluminescence 

Bioluminescent reactions, a special class of chemiluminescent reactions that 
occur in nature and are catalyzed by a luciferase or photoproteins, offer an 
alternative method for luminescence detection of protein and DNA (Kricka, 
1991). Two bioluminescent reaction systems have been used for DNA hybrid- 
ization assays, both of which are coupled enzymatic reactions. One system, 
used for membrane-based DNA hybridization, couples the production of d- 
luciferin from D-luciferin-O-phosphate, catalyzed by alkaline phosphatase 
(as a direct or indirect label) and the oxidation of D-luciferin, catalyzed 
by firefly luciferase, with concomitant light emission (Hauber and Geiger, 
1987,1988; Hauber et aL, 1988,1989; Geiger, 1992). The other system, used 
with both membrane-based and solution hybridization assays, couples reac- 
tions catalyzed by glucose-6-phosphate dehydrogenase (G6PDH), 
NAD(P)H : FMN oxidoreductase, and marine bacterial luciferase to produce 
the light (Balaguer et aL, 1989a,b,1991a,b; Nicolas et aL, 1990,1992). Al- 
though bioluminescence-based DNA detection systems have not become as 
widely used as chemiluminescence systems for DNA hybridization assays, 
they do offer another alternative for sensitive nonradioactive biomolecule 
detection. 

III. INSTRUMENTATION FOR 

CHEMILUMINESCENCE ASSAYS 



A wide spectrum of instruments is currently available for recording and 
quantifying chemiluminescent signal intensities. These instruments, known 
as luminometers, use a light detector that consists of a photomultiplier tube 



in photon counting mode, positioned close to the light source (microtiter 
plate or tube) to maximize photon collection efficiency. Among commercially 
available luminometers, semi-automated tube instruments such as the Au- 
toClinilumat LB952T (Berthold/EG&G, Wallac, Inc., Gaithersburg, MD) 
and microtiter plate readers such as the ML 1000 (Dynatech Laboratories, 
Chantilly, VA) are most popular (reviewed by Bronstein and Kricka 1990* 
Stanley, 1992a,b, 1993b). 

Chemiluminescence signals originating from blotting experiments per- 
formed on membranes can be detected by imaging on X-ray or instant photo- 
graphic films . These films offer simple, convenient, and inexpensive detectors 
of chemiluminescence that can be used successfully for qualitative determina- 
tions and some signal quantification. Camera luminometers that house instant 
photographic film are suitable for the detection of light emission from blots 
and microtiter plate wells, and are available from Amersham, Analytical 
Luminescence Laboratory (San Diego, CA), Dynatech Laboratories, and 
Tropix, Inc. (Bedford, MA). 

Finally, photon-counting cameras are available and are most suitable for 
the detection and accurate quantification of low-light signals. This instrumen- 
tation usually consists of a light detector such as a silicon target, silicon 
diode array, or charge-coupled device (CCD) coupled to a lens system, a 
controller, and a digital image processor. Since most of these camera systems 
are capable of imaging in two dimensions, micro- and macroscopic lumin- 
escent specimens can be analyzed spatially and temporally. The Argus- 
100/CL (Hamamatsu Corporation, Photonic Microscopy, Inc., Oak Brook, 
IL) is a photon-counting imaging device that has been used in the detection 
of blotted proteins (Hauber et at., 1988). The Star I CCD cooled camera 
system (Photometries Ltd., Tucson, AZ) exhibits very low dark current 
background and a wide dynamic range and has been used successfully to 
detect protein and nucleic acid analytes in solution and on membranes (Martin 
and Bronstein, 1993, 1994.). 



IV. CHEMILUMINESCENCE ASSAYS FOR 
VIRUS DETECTION 



The combination of DNA hybridization assays with chemiluminescence de- 
tection methods has enabled the development of rapid, sensitive, quantita- 
tive, nonradioactive assays that are amenable to automation. DNA hybridiza- 
tion technology is becoming accepted as a reliable clinical laboratory 
technique for the identification of infectious organisms and has fueled the 
need for more rapid, sensitive, and automated assay formats. Culture assay 
methods are laborious, time-consuming, and costly, and sometimes impossi- 
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ble to use. Antigen-based detection assays including fluorescent antibody 
and immunoassay techniques, although faster and automatable, are often 
less sensitive than culture techniques. With the advent of technologies such 
as PCR, DNA probe methods offer rapid, easy, and highly sensitive assay 
formats. DNA hybridization assays using radioactive labels are sensitive and 
are easily quantified, but health, environmental, disposal, and cost concerns 
render these systems less than ideal as widely used clinical assays. 

Chemiluminescence methods for the detection of viral agents as well as 
other microorganisms have become widely used (Table 1), and continued 
development will certainly expand their applications in research and clinical 
diagnostic tests. More traditional immunoassays have also been developed 
and used with chemiluminescence for the detection of various viral antigens 
and the assessment of immune status with respect to viruses (selected refer- 
ences in Table 1). A survey of commercially available products that incorpo- 
rate chemiluminescence or bioluminescence techniques and reagents for 
specific assays and nonspecific detection systems is available (Stanley, 
1993a,b). 

A. DNA Hybridization Assay Formats 

Several DNA hybridization assay formats including membrane-based, solu- 
tion and in situ hybridization have been coupled with chemiluminescence 
for the detection of viruses and other infectious agents. Membrane-based 
chemiluminescent hybridization assays have employed either 1,2-dioxetane 
substrates for alkaline phosphatase or the enhanced chemiluminescence reac- 

nr° LllT? h H ? P ' a " d arC imaged on or Photographic films 

or imaged directly and quantified using a CCD camera system. Solution 
hybridization assays are performed with 1,2-dioxetanes, luminol, and AE 
labels and the emitted light signal is measured in a luminometer. Electro- 
chemiluminescent labels are also used for solution hybridization assays and 
are detected with an instrument combining an electrochemical flow cell, 
a potentiostat, and a photomultiplier tube. In situ hybridization has been 
performed using both 1 ,2-dioxetanes and enhanced luminol with either photo- 
graphic film detection or a CCD camera system. 

B. Chemiluminescence Detection Systems 

1. Dioxetanes 

Alkaline phosphatase-dioxetane chemiluminescence systems have been 
used m a wide variety of DNA hybridization assays for detection of infectious 
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agents. Membrane-based hybridization assays have been used for the detec- 
tion of HBV (Bronstein et aL, 1989c; Yang et aL, 1991; Escarceller et aL, 
1992), herpes simplex virus (HSV-1) (Bronstein and Voyta, 1989), CMV 
(Musiani et aL, 1991a,1992; Yang et aL, 1991), HIV-1 (Zachar et aL, 1991), 
and other viral agents (Fouly et aL, 1992; Tham and Stanislawek, 1992a,b; 
Fuchs et aL, 1993). Solution hybridization assays include those for HBV 
(Urdea et aL, 1990), HIV-1 (Suzuki et aL, 1992), and Chlamydia (Clyne et 
aL, 1989; Urdea et aL, 1989). In situ hybridization assays have been per- 
formed with both HSV-1 infected cells (Bronstein and Voyta, 1989) and 
HIV-infected cells (Bronstein et aL, 1989b). Finally, assays for retroviruses 
based on the detection of reverse transcriptase activity can be coupled with 
chemiluminescence detection by measuring the enzymatic incorporation of 
digoxigenin-labeled nucleotides with anti-digoxigenin alkaline phosphatase 
and a dioxetane substrate (Suzuki et aL, 1993). 

Commercially available detection systems incorporating dioxetanes in- 
clude the AmpliProbe® system (ImClone Systems) for membrane-based hy- 
bridization assays for HBV, CMV, and EBV (Yang et aL, 1991), the Hybrid 
Capture™ System HBV DNA Assay (Murex Diagnostics Ltd., Kent, UK), 
and solution hybridization assay systems for Chlamydia trachomatis and 
HBV detection (Chiron Corporation; Clyne et aL, 1989; Urdea et al 
1989,1990). 



2. Luminol 

DNA hybridization assays using the ECL system with direct HRP- 
labeled probes include detection of bovine enteric coronavirus in a slot blot 
hybridization assay (Collomb et aL, 1992) and a solution-phase hybridization 
assay for HBV DNA (Urdea et aL, 1987,1990). In situ hybridization for 
detection of human papillomavirus (HPV) type 16 has been performed with 
an indirect labeled probe (Hawkins and Cumming, 1990). ECL systems have 
also been used for the immunoassay detection of several viruses, including 
grapevine closterovirus (Pollini et aL, 1993) and parvovirus B 19 (O'Neill 
and Coyle, 1992). 



3. Acridinium Esters 

DNA hybridization assays incorporating AE-labeled probes have been 
developed for detection of several infectious agents from clinical samples, 
including C. trachomatis, Neisseria gonorrhoeae, fungal pathogens, myco- 
bacteria, and several common bacterial pathogens (Nelson and Kacian, 
1990). These assay systems, called PACE 2™ and ACCUPROBE™, are 
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available commercially through Gen-Probe, Inc. (San Diego, CA). The Gen- 
Probe system for screening for Chlamydia has been compared with both 
culture and nonculture antigen detection methods including enzyme immuno- 
assays and immunofluorescent antibody tests (Gratton et al, 1990* Mercer 
et al, 1990; Iwen et al., 1991). The PACE 2™ system can provide'a rapid, 
reliable alternative to culture and immunoassay methods for the detection of 
Chlamydia from cervical samples (Iwen et al., 1991). Solution hybridization 
(hybridization protection) assays with AE-labeled probes have been used 
for the detection of PCR-amplified HIV-1 DNA (Ou et al., 1990: Schmidt 
1991; Rapier <?f al., 1993). 

In addition, AEs have also been used to label antibodies that have been 
incorporated into automated immunoassay formats for the detection of infec- 
tious agents and antibody screening from clinical samples (Khalil et al 
1991a,b). . *' 



4. Electrochemiluminescen.ee 

Electrochemiluminescence detection has been used in both manual 
(Blackburn et al, 1991; Gudibande et al, 1992; Kenten et al, 1992) and 
automated (QPCR System 5000; Wages et al, 1993) post-PCR amplification 
DNA hybridization assays for the detection of HIV-1 and HPV (Kenten et 
al, 1991). 



5. Bioluminescence 

Detection of asymmetric amplified papillomavirus sequences using 
solution-phase hybridization with a G6PDH-labeled oligonucleotide and 
solid-phase capture has been performed using a bioluminescence assay (Bala- 
guer etal... 1991b). 



V. CHEMILUMINESCENCE DETECTION PROTOCOLS 



A Hepatitis B Virus 




Hepatitis B "core antigen" DNA, immobilized on nylon membrane, is hy- 
bridized with an alkaline phosphatase-labeled oligonucleotide probe. Hybrid- 
ized probe is then detected with the 1 ,2-dioxetane substrate AMPPD 
(Bronstein et al., 1989c). 




160 



Irena Bronstein and Corinne E. M. Olesen 



1. Materials 

Hepatitis B core antigen plasmid DNA and alkaline phosphatase-labeled 
probe, included in a SNAP® Hybridization System, and GeneScreen Plus™ 
nylon membrane were obtained from NEN/DuPont (Boston, MA). AMPPD 
and CSPD are from Tropix. 

2. Target DNA Preparation and Probe Hybridization 

HBV "core antigen" (HBVc) plasmid DNA (100 ng; 1.2 x 10 10 copies) 
was dissolved in 25 jjlI sterile deionized H 2 0 and serially diluted with 
0.3 M NaOH to produce target DNA samples ranging in concentration from 
4.88 x 10 3 to 0.98 x 10 8 copies/^1. Blots were prepared as described here: 

1. Incubate diluted DNA samples at room temperature for 15 min to 
denature, and spot 1 p\ of each dilution onto dry membrane strips 
(1x8 cm). 

2. Rinse blots with 2 M NH 4 OAc and then with 0.6 M NaCl, 0.08 M 
sodium citrate, pH 7.0. 

3. Prehybridize with 3 ml hybridization buffer [0.75 M NaCl, 0.075 M 
sodium citrate (5X SSC), 0.5% bovine serum, 0.5% polyvinylpyrroli- 
done, 1% sodium dodecyl sulfate (SDS), pH 7.0] for 15 min at 55°C. 

4. Hybridize with hybridization buffer containing 1.0 nM alkaline 
phosphatase-labeled oligonucleotide probe for 30 min at 55°C. 

5. Wash sequentially for 5 min each in: 

IX SSC, pH 7.0, 1% SDS at room temperature 
IX SSC, pH 7.0, 1% Triton X-100 at 55°C 
IX SSC, pH 7.0, at room temperature 

3. Chemiluminescence Detection 

1. Wash hybridized blots with 0.1% bovine serum albumin (BSA), 
0.05 M sodium carbonate, pH 9.5. 

2. Saturate blot with 100 /xl 1.6 mM AMPPD in 0.1% BSA, 0.05 M 
sodium carbonate, 1.0 mM MgCl 2 , pH 9.5. 

NOTE: Alternatively, an improved buffer (OA M diethanolamine, 
7.0 mM MgCl 2 , pH 10.0) can be substituted for this wash, using 025 mM 
AMPPD or CSPD in this buffer for substrate incubation. 

3. Place blots in a plastic pouch and image light emission in a camera 
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luminometer with Polaroid Instant Black and White Type 612 (ASA 
20,000) photographic film. 

NOTE: Alternatively, blots can be imaged on standard X-ray film. 

4. Digitize photographic film image using a black and white RBP Re- 
flectance Densitometer (Tobias Associates, Inc., Ivyland, PA). 



4. Results 



Figure 2 shows a time course of the chemiluminescent DNA hybridization 
assay for HBVc antigen DNA. Serial dilutions of plasmid DNA were hybrid- 
ized with alkaline phosphastase-Iabeled oligonucleotide probe, incubated 
with chemiluminescent substrate, and imaged on photographic film. Each 
photograph corresponds to a 30-min exposure. With this chemiluminescence 
assay, 1.18 x 10 6 copies of HBVc DNA can be detected within 30 min 
of substrate incubation. After a 2-hr incubation, 4.39 x 10 4 copies can be 
detected. In contrast, with the colorimetric bromochloroindolyl phosphate/ 
mtro blue tetrazolium (BCIP/NBT) substrate system, 9.8 x 10 7 and 
1 .07 x 10 7 copies can be detected after 30 min or 2 hr of substrate incubation, 



-9.8x10 7 
-3.2x10 7 

■ 1.07 x 10 7 
-3.56x 10 6 

■ 1.18x 10 6 
•3.95x 10 s 

■ 1.31 x 10 5 
4.39X10 4 



0 a> <d 

3 8 8 * 

1 3 3 



i I ! 



O O 



s 

o 

■ 3 



Figure 2 Chemiluminescent detection of hepatitis B "core antigen" plasmid DNA with AMPPD 
substrate .n alkahne phosphatase-based DNA hybridization assay. Reprinted with permission from 
Bronstein et at. (1989c). 
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respectively (results not shown). Quantitative results were obtained by mea- 
suring reflection densities from the imaged photographic film using a black 
and white reflection densitometer (Fig. 3). These values could be used to 
establish a dose-response curve for the reflection densities as a function of 
HBVc plasmid concentration, from which HBVc DNA levels in clinical 
specimens could be determined. Use of the improved chemiluminescence 
detection protocol, incorporating the diethanolamine substrate buffer and 
CSPD chemiluminescent substrate, results in even greater sensitivity for 
DNA hybridization assays and would increase the sensitivity of this HBV 
DNA assay. Imaging and quantification of this membrane-based assay with 
rapidly evolving CCD camera systems will likely provide even greater sensi- 
tivity and a greater linear dynamic range than that achieved with densi- 
tometry. 

5. Summary 

Chemiluminescent detection of HBV DNA has also been performed with 
the AmpliProbe® system (ImClone Systems). This signal amplification probe 
system incorporates multiple target-specific primary and multiple secondary 
probes, alkaline phosphatase-labeled oligonucleotides that hybridize to the 
primary probes, in a two-step hybridization system (Yang et al, 1991). 
Chemiluminescence detection is performed with a dioxetane substrate. With 




Copies of Target DNA/Spot 



Figure 3 Hepatitis B virus "core antigen" plasmid DNA hybridization assay. Reflection density 
vs. number of copies of target DNA. Densitometry analysis of the Polaroid instant black and white 

P * ima9e ia °° < white >- 2 -0° (Wack)]. Reprinted with permission from Bronstein 

et al. (1989c). 
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this system, 0.4 pg (1 x 10 5 copies) purified target HBV genomic DNA can 
be detected in a chemiluminescent slot blot assay (Farmar and Castaneda, 
1991; Yang et aL, 1991). Identical assays performed with serum samples 
(25 /jlI) demonstrated that this chemiluminescent DNA hybridization system 
has the same specificity and sensitivity as immunoassays and is more sensi- 
tive than a 32 P-labeled nick-translated probe (Yang et aL, 1991). 

Escarceller et aL (1992) report the use of digoxigenin-labeled probes, 
anti-digoxigenih alkaline phosphatase, and AMPPD for the direct detection 
of HBV sequences in human serum samples. These investigators achieved 
a limit of sensitivity of 2-5 pg, which was equivalent to that obtained with 
both colorimetric detection and a 32 P-labeled probe. These researchers also 
used digoxigenin-labeled oligonucleotide primers for PCR amplification of 
HBV DNA purified from human serum, followed by immunological detection 
of the digoxigenin label (as described), a method that can be used in conjunc- 
tion with alternatively labeled primers for multiple amplifications. 

A chemiluminescent assay incorporating a solution-phase hybridization 
of synthetic oligonucleotides to target DNA, followed by solid-phase capture, 
labeling, and detection with either HRP or alkaline phosphatase-labeled oligo- 
nucleotides and chemiluminescent substrates has been used to achieve the 
detection of 0.2 pg (6 x 10 4 copies) HBV DNA in human serum samples in 
4 hr. This solution DNA hybridization method includes novel labeling and 
amplification schemes and has been performed with both polystyrene bead 
and microtiter well capture systems (Urdea et aL, 1987,1990). 

Chemiluminescence techniques have also been used in the development 
of automated enzyme immunoassay systems for the detection of HBV in 
human sera (Khalil et aL, 1991a,b; Bouveresse and Bourgeois, 1992). 

B. Herpes Simplex Virus 

Two chemiluminescent DNA hybridization assays for HSV, dot blot hybrid- 
ization and in situ hybridization, are described here as originally reported 
by Bronstein and Voyta (1989). In these assays, HSV-1 plasmid DNA, immo- 
bilized on nylon membrane, or HSV-1 -infected Vero cells, fixed and mounted 
on microscope slides, were hybridized with an alkaline phosphatase-labeled 
HSV-1 oligonucleotide probe and detected with AMPPD. 

1. Materials 

HSV-1 plasmid DNA and alkaline phosphatase-labeled oligonucleotide 
probe, included in a SNAP® Hybridization System, and GeneScreen Plus 
nylon membrane were obtained from NEN/DuPont. HSV-1 -infected Vero 
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cells were provided by Drs. J. Kershner and E. Jablonski (Molecular Biosys- 
tems, San Diego, CA). AMPPD and Emerald™ luminescence-amplifying 
material are from Tropix. 



2. Dot Blot Hybridization and 
Chemiluminescence Detection 

This membrane hybridization protocol is similar to that described for 
HBV detection. 

1. Serially dilute HSV-1 plasmid DNA in 0.3 M NaOH, denature, and 
spot aliquots onto dry membrane strips. 

2. Prehybridize blots with hybridization buffer (0.5% BSA, 0.5% polyvi- 
nylpyrrolidone, 1% SDS) for 15 min at 55°C. 

3. Hybridize with hybridization solution (containing alkaline phospha- 
tase-labeled HSV-1 oligonucleotide probe) for 30 min at 55°C. 

4. Wash sequentially for 5 min each in: 

2X SSC, 1% SDS at room temperature 

IX SSC, 1% Triton X-100 at 55°C 

IX SSC, 1% Triton X-100 at room temperature 

IX SSC at room temperature 

5. Wash hybridized blots with 0.05 M sodium carbonate/bicarbonate 
1 mM MgCl 2 , pH 9.5 (substrate buffer). 

6. Saturate blot with 1.6 mM AMPPD (in substrate buffer) for 5 min. 

NOTE: As described for HBV detection, the diethanolamine buffer and 
025 mM AMPPD or CSPD can be substituted in Steps 5 and 6 for increased 
sensitivity. 

7. Image blots with Polaroid Type 612 Instant Black and White film. 
NOTE: Alternatively, blots can be imaged on X-ray film. 



3. In Situ Hybridization and 
Chemiluminescence Detection 

1. Infect Vero cells with HSV-1 (Maclntyre strain) for 1 hr at room 
temperature. 

2. Harvest cells with trypsin/versene after the addition of 2% fetal calf 
serum at 0, 2, 4, 6, 8, 10, 12, 24, and 48 hr. 

3. Pellet cells, fix in 95% ethanol, and mount on glass microscope slides. 
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4. Treat mounted slides with 0.2 M HC1 for 2 min, rinse with deionized 
water, and immerse in 70% ethanol. Prior to hybridization, remove 
slides from ethanol and dry. 

5. Immerse slides in 0. 1% BSA, 5X SSC for 15 min at 70°C. Treat with 
0.3 M NaOH for 1 min at room temperature. Rinse with phosphate- 
buffered saline (PBS). 

6. Hybridize cells with the alkaline phosphatase-labeled HSV-1 oligo- 
nucleotide probe at a concentration of 5 nAf in 0. 1% BSA, 5X SSC 
for 20 min at 60°C. * 

7. Wash slides briefly in hybridization buffer at 60°C, and then exten- 
sively with IX SSC at 50°C. 

8. Wash with 0.05 M sodium carbonate/bicarbonate, 1 mM MgCl 2 , pH 
9.5 (substrate buffer). 

9. Incubate with 0.8 mM AMPPD, 10% Emerald in substrate buffer 
for 5 min. 

10. Place slides in a camera luuminometer and expose to Polaroid Type 
612 Instant Black and White film. 



4. Results 

With the dot blot hybridization assay for HSV-1 plasmid DNA, detection 
limits achieved with the chemiluminescent substrate AMPPD are 1.3 x 10 5 
and 1.4 x 10 4 copies of target HSV-1 DNA, with a 30-min exposure per- 
formed 1 hr after substrate addition and a 45-min exposure performed 4 hr 
after substrate addition, respectively (results not shown). The sensitivity 
achieved with AMPPD is 25- to 100-fold higher than that obtained with the 
colorimetric BCIP/NBT substrate system (results not shown). Fig. 4 shows 
the time course of viral infection assayed by in situ DNA hybridization 
with chemiluminescence detection. Use of the AMPPD chemiluminescent 
substrate enables the detection of HSV-1 -infected cells within 6 hr postinfec- 
tion. Again, with this assay format, CCD detection and imaging may provide 
even greater sensitivity than that achieved with photographic film. 



5. Summary 

In situ hybridization with chemiluminescence detection has also been 
used to detect HIV-infected cells (Bronstein et aL, 1989b) and HPV type 16 
in a cervical carcinoma cell line (Hawkins and Cumming, 1990). The latter 
protocol involved the use of biotinylated HPV 16 DNA probes (Enzo Diag- 
nostics, New York), a streptavidin-HRP conjugate, and ECL detection re- 
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Exposure 

Time 

(min) 



Length of Infection 
(hours) 




120 



Figure 4 Chemiluminescent detection of in situ DNA hybridization of herpes simplex virus 
l-infected Vero cells: time course of infection. Reprinted from Bronstein and Voyta, CUnicat Chemistry 
(1989), 35, 1856-1857, Courtesy of the American Association for Clinical Chemistry, Inc. 



agents coupled with a CCD imaging system. Detection of fewer than 10 
HPV-positive cells (containing 600 copies of HPV 16 DNA per cell) among 
10,000 HPV-negative cells on a single slide was achieved. However, this 
detection level is not necessarily the limit of sensitivity ; with improved optical 
instrumentation, in situ hybridization coupled with CCD detection may pro- 
vide a valuable diagnostic tool for the rapid and automated identification of 
viral sequences within cells. 



VI. CONCLUSION 



Chemiluminescence detection technologies combined with DNA hybridiza- 
tion methods provide rapid, sensitive, nonradioactive, automatable assay 
formats for the clinical diagnosis of infectious agents, as well as for research 
use. Rapidly evolving chemiluminescent enzyme substrates and labels, tech- 
niques, and assay and detection instrumentation, coupled with continued 
advances in DNA hybridization technologies, will further refine and improve 
the specificity and sensitivity of chemiluminescent DNA detection methods, 
bringing them into more widespread use. 
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Analysis of the influence of the infusion site on dialyser clearanc 
measured in an in vitro system mimicking haemodialysis and 
haemodiafiltration. 

Ficheux A, Argiles A, Bosc JY, M ion C. 

UDSA- AIDER, Montpellier, France. 

BACKGROUND: Blood flow (QB), dialysate flow (QD), and dialyser 
characteristics are the three major factors driving dialysis efficacy. 
Haemodiafiltration has added an increased convective volume to increase 
efficacy. We aimed to assess the influence of the infusion site of the 
replacement fluid in an in vitro system emulating haemodiafiltration. 
METHODS: An in vitro system allowing us to control the dialysate 
temperature, concentration gradient, the flow of both dialyser sides over a 
range wider than that compatible with clinic, was set to evaluate the influeno 
of the different parameters on dial ysis efficacy The total ion clearance was 
used as an accepted method for lsmall molecuie] clearance assessment. Cellule 
triacetate (CT190C, Baxter; FB170U, Nipro) and polysulfone (HF80, 
Fresenius) dialysers were included in the study. Dialysis as well as on-line 
diafiltration both with pre- and postdilutional infusion were assessed. The 
experimental conditions presented in this study included QD 620 and 970 
ml/min. The convective flows ranged from 50 to 200 ml/min. RESULTS: Fo 
QD = 620 ml/min and a QB = 350 ml/min the total ion clearance ranged fron 
269 to 274 for HF80, from 291 to 294 for FB170 and from 294 to 302 for 
CT190. The variability of the measurements was very low (SD < 1%). Total 
ion clearance increased by 17-21% when QB was raised from 300 to 400 
ml/min. Increasing QD from 420 to 970 ml/min (for QB = 350 ml/min), 
resulted in an increase in total ion clearance which was more marked at lowe 
QD (from 420 to 620 ml/min) and plateaued thereafter (from 620 to 970 
ml/min). Postdilutional on-line diafiltration with 100 ml/min of infiisate 
resulted in an additional increase in total ion clearance of 5.4-8.6%. This 
increase was proportional to the infused volume. On the contrary, predilution 
on-line diafiltration resulted in a decrease in total ion clearance which was al 
proportional to the infused volume (between -5.1 and -6.9% at 100 ml/min 
infusion volume and -9.7 to -12.9% at 200 ml/min). CONCLUSIONS: The 
present in vitro system provided accurate and reproducible results on dialysei 
clearances. Our experiments confirmed previous studies on the influence of ( 
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and QD on dialyser efficacy. Further, they show that the proportional increas 
in postdilutional on-line diafiltration is lesser than that previously reported. 
More importantly, they also show that pre-dilution infusion in high efficiency 
systems results in a drop in dialyser clearance compared to dialysis alone, ag 
proportional to the infusion rate. Thus, increasing the convective flow may 
increase dialysis efficacy even more than increasing QD al one. However, th e 
choice of infUsion site is crucial to obtaining this benefit in fsmall molecule 1 
clearances. 

PMID: 10224334 [PubMed - indexed for MEDLINE] 
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□ 1: J Biol Chem. 1999 May 7;274(19):13167-75. 



Related Articles, Li 



text article at 
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Multiple activation states of integrin alpha4betal det ected 
through their different affinities for a small molecule^ ligand. 



Chen LL, Whitty A, Lobb RR, Adams SP, Pepinsky RB. 

Biogen, Inc., Cambridge, Massachusetts 02142, USA. 

We have used the highly specific alpha4betal inhibitor 4-((N'-2-methylphem 
ureido)-phenylacetyl-leucine-aspartic acid- valine-proline (BI01211) as a 
model LDV-containing ligand to study alpha4betal integrin-ligand interactio 
on Jurkat cells under diverse conditions that affect the activation state of 
alpha4betal. Observed KD values for BI0121 1 binding ranged from a value 
20-40 nM in the non-activated state of the integrin that exists in 1 mM Mg2+ 
mM Ca2+ to 100 pM in the activated state seen in 2 mM Mn2+ to 1 8 pM wh 
binding was measured after co-activation by 2 mM Mn2+ plus 10 
microgram/ml of the integrin-activating monoclonal antibody TS2/16. The 
large range in KD values was governed almost exclusively by differences in 
the dissociation rates of the integrin-BI0121 1 complex, which ranged from 
0.17 x 10(-4) s-1 to > 140 x 10(-4) s-1. Association rate constants varied only 
slightly under the same conditions, all falling in the narrow range from 0.9 to 
2.7 x 10(6) M-l s-1. The further increase in affinity observed upon co- 
activation by divalent cations and TS2/16 compared with that observed at 
saturating concentrations of metal ions or TS2/16 alone indicates that the 
mechanism by which these factors bring about activation are distinct and 
identified a previously unrecognized high affinity state on alpha4betal that h 
not been detected by conventional assay methods. Similar changes in affinity 
were observed when the binding properties of vascular cell adhesion molecul 
1 and CS1 to alpha4betal were studied, indicating that the different affinity 
states detected with BI0121 1 are an inherent property of the integrin. 
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Related Articles, Li 



FULL-TEXT ARTICLE 



The discovery of steroids and other novel FKBP inhibitors using 
molecular docking program. 

Burkhard P, Hommel U, Sanner M, Walkinshaw MD. 

Structural Biochemistry Unit, Edinburgh University, Michael Swann Buildin 
Edinburgh, Kings Buildings, EH9 3 JR, UK. 

The molecula^d ocking computer program SANDOCK was used to screen 
fsmall molecule^ three-dimensional databases in the hunt for novel FKBP 
inhibitors. Spectroscopic measurements confirmed binding of over 20 
compounds to the target protein, some with dissociation constants in the low 
micromolar range. The discovery that FK506 binding protein is a steroid 
binding protein may be of wider biological significance. Two-dimensional 
NMR was used to determine the steroid binding mode and confirmed the 
interactions predicted by the docking program. Copyright 1999 Academic 
Press. 
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FULL-TEXT ARTICLE 



The design, synthesis, and biological evaluation of analogues of 
the serine-threonine protein phosphatase 1 and 2A selective 
inhibitor microcystin LA: rational modifications imparting PP1 
selectivity. 

Aggen JB, Humphrey JM, Gauss CM, Huang HB, Nairn AC, Chamberli 
AR. 

Department of Chemistry, University of California at Irvine, 92697, USA. 

Based on the results from previously reported molecular modeling analyses c 
the interactions between the inhibitor microcystin and the serine-threonine 
protein phosphatases 1 and 2 A, we have designed analogues of microcystin I 
with structural modifications intended to impart PP1 selectivity. The synthes: 
of several first generation analogues followed by inhibition assays revealed ti 
all three are PP1 -selective, as predicted. Although the observed selectivities i 
modes t, one of the des igned analogues is more selective for PP1 than any 
known fsmall moTecule] inhibitor. 

PMID: 10220039 [PubMed - indexed for MEDLINE] 
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□ 1: Mol Med Today. 1999 Mar;5(3): 133-40. 



Related Articles, Li 



The diagnosis and treatment of osteoporosis: future prospects. 
Baylink DJ, Strong DD, Mohan S. 

Dept of Medicine, Loma Linda University, Loma Linda, CA 92354, USA. 
baylinkd@llvamc.va.gov 

Osteoporosis is a common disease that affects millions of patients throughou 
the world. We anticipate that both the diagnosis and the treatment of this 
disease will be revolutionized by the integration of genomics and informatics 
It is predicted that a genetic algorithm will be developed to identify at-risk 
patients before they develop osteoporosis, so that preventive measures can be 
instituted. The sequencing of the human genome will l ead to revolutiona ry 
advances in at least three areas of osteoporosis therapy: |small molecule^ 
therapy, protein therapy and gene therapy. One area of focus for future 
therapeutics in osteoporosis will be on osteogenic agents, which should have 
high likelihood of success because the skeleton has the innate capacity to 
regenerate itself. 
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Recent advances with the CRF1 receptor: design of /small 
molecule /inhibitors, receptor subtypes and clinical indications. 

McCarthy JR, Heinrichs SC, Grigoriadis DE. 

Neurocrine Biosciences, Inc., San Diego, CA 92121, USA. 
jmccarthy@neuroscience.com 

Corticotropin-releasing factor (CRF) has been widely implicated as playing £ 
major role in modulating the endocrine, autonomic, behavioral and immune 
responses to stress. The recent cloning of multiple receptors for CRF as well 
the discovery of non-peptide receptor antagonists for CRF receptors have 
begun a new era of CRF study. Presently, there are five distinct targets for C] 
with unique cDNA sequences, pharmacology and localization. These fall intc 
three distinct classes, encoded by three different genes and have been termed 
the CRF1 and CRF2 receptors (belonging to the superfamily of G-protein 
coupled receptors) and the CRF-binding protein. The CRF2 receptor exists a: 
three splice variants of the same gene and have been designated CRF2a CRF 
and CRF2g. The pharmacology and localization of all of these proteins in bn 
has been well established. The CRF1 receptor subtype is localized primarily 
cortical and cerebellar regions while the CRF2a receptor is localized to 
subcortical regions including the lateral septum, and paraventricular and 
ventromedial nuclei of the hypothalamus. The CRF2b receptor is primarily 
localized to heart, skeletal muscle and in the brain, to cerebral arterioles and 
choroid plexus. The CRF2g receptor has most recently been identified in 
human amygdala. Expression of these receptors in mammalian cell lines has 
made possible the identification of non-peptide, high affinity, selective recep 
antagonists. While the natural mammalian ligands oCRF and r/hCRF have hi 
affinity for the CRF1 receptor subtype, they have lower affinity for the CRF^ 
receptor family making them ineffective labels for CRF2 receptors. [1251] 
Sauvagine has been characterized as a high affinity ligand for both the CRF1 
and the CRF2 receptor subtypes and has been used in both radioligand bindir 
and recep tor autoradiogra phic studies as a tool to aid in the discovery of 
selective /small moleculej receptor antagonists. A number of non-peptide CRF 
receptor antagonists that can specifically and selectively block the CRF1 
receptor subtype have recently been identified. Compounds such as CP 
154,526 (12), NBI 27914 (129) and Antalarmin (154) inhibit CRF-stimulatio 
of cAMP or CRF-stimulated ACTH release from cultured rat anterior pituitai 
cells. Furthermore, when administered peripherally, these compounds compe 
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for ex vivo [125I]sauvagine binding to CRF1 receptors in brain sections 
demonstrating their ability to cross the blood-brain-barrier. In in vivo studies 
peripheral administration of these compounds attenuate stress-induced 
elevations in plasma ACTH levels in rats demonstrating that CRF1 receptors 
can be blocked in the periphery. Furthermore, peripherally administered CRI 
receptor antagonists have also been demonstrated to inhibit CRF-induced 
seizure activity. These data clearly demonstrate that non-peptide CRF1 
receptor antagonists, when administered systemically, can specifically block 
central CRF1 receptors and provide tools that can be used to determine the rc 
of CRF1 receptors in various neuropsychiatric and neurodegenerative 
disorders. In addition, these molecules will prove useful in the discovery and 
development of potential orally active therapeutics for these disorders. 
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Identification and biochemical characterization of a novel 
nortriterpene inhibitor of the human lymphocyte voltage-gated 
potassium channel, Kvl.3. 

Felix JP, Bugianesi RM, Schmalhofer WA, Borris R, Goetz MA, Hensen 
OD, Bao JM, Kayser F, Parsons WH, Rupprecht K, Garcia ML, 
Kaczorowski GJ, Slaughter RS. 

Department of Membrane Biochemistry, Merck Research Laboratories, 
Rahway, New Jersey 07065-0900, USA. 

A novel nortriterpene, termed correolide, purified from the tree Spachea 
correae, inhibits KvL3, a Shaker-type delayed rectifier potassium channel 
present in human T lymphocytes. Correolide inhibits 86Rb+ efflux through 
Kvl.3 channels expressed in CHO cells (IC50 86 nM; Hill coefficient 1) and 
displays a defined structure-activity relationship. Potency in this assay 
increases with preincubation time and with time after channel opening. 
Correolide displays marked selectivity against numerous receptors and voltaj 
and ligand-gated ion channels. Although correolide is most potent as a Kvl.2 
inhibitor, it blocks all other members of the Kvl family with 4-14-fold lower 
potency. C20-29-[3H]dihydrocorreolide (diTC) was prepared and shown to 
bind in a specific, saturable, and reversible fashion (Kd =11 nM) to a single 
class of sites in membranes prepared from CHO/Kvl.3 cells. The molecular 
pharmacology and stoichiometry of this binding reaction suggest that one dil 
site is present per Kvl.3 channel tetramer. This site is allosterically coupled t 
peptide and potassium binding sites in the pore of the channel. DiTC binding 
human brain synaptic membranes identifies channels composed of other Kvl 
family members. Correolide depolarizes human T cells to the same extent as 
peptidyl inhibitors of Kvl.3, suggesting that it is a cand idate for develo pmen 
as an immunosuppressant. Correolide is the first potent, Ismail molecule! 
inhibitor of Kvl series channels to be identified from a natural product sourc 
and will be useful as a probe for studying potassium channel structure and tb 
physiological role of such channels in target tissues of interest. 
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□ 1: JMedChem. 1999 Apr 22;42(8): 1428-40. 
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Potent, low-molecular-weigh t non-peptide inhibitors of malarial 
aspartyl protease plasmepsin II. 

Haque TS, Skillman AG, Lee CE, Habashita H, Gluzman IY, Ewing TJ, 
Goldberg DE, Kuntz ID, Ellman JA. 

Department of Chemistry, University of California, Berkeley, Berkeley, 
California 94720, USA. 

A number of single-digit nanomolar, 1 o w-mol ecular- wei ght plasmepsin II 
aspartyl protease inhibitors have been identified usin g combinatorial chemist 
and structure-based design. By identifying multiple, tsmall-molecule\ inhibitoi 
using the parallel synthesis of several focused libraries, it was possible to seL 
for compounds with desirable characteristics including enzyme specificity an 
minimal binding to serum proteins. The best inhibitors identified have Ki's o; 
2-10 nM, molecular weights between 594 and 650 Da, between 3- and 15-fol 
selectivity toward plasmepsin II over cathepsin D, the most closely related 
human protease, good calculated log P values (2.86-4.56), and no apparent 
binding to human serum albumin at 1 mg/mL in an in vitro assay. These 
compounds represent the most potent non-peptide plasmepsin II inhibitors 
reported to date. 

PMID: 10212129 [PubMed - indexed for MEDLINE] 
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FULL-TEXT ARTICLE 



N,N-dialkyl-dipeptidylamines as novel N-type calcium channel 
blockers. 

Hu LY, Ryder TR, Rafferty MF, Cody WL, Lotarski SM, Miljanich GP. 
Millerman E, Rock DM, Song Y, Stoehr SJ, Taylor CP, Weber ML, Szol 
BG, Vartanian MG. 

Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Compar 
Ann Arbor, MI 48105, USA. 

Selective N-type voltage sensitive calcium channel (VSCC) blockers have 
showruitilityjnseveral models of stroke and pain. We are especially interest 
small molecule] N-type calcium channel blockers for therapeutic use. Here: 



in 



we report a series of N,N-dialkyl-dipeptidylamines with potent functional 
activity at N-type VSCCs and in vivo efficacy. The synthesis, SAR, and 
pharmacological evaluation of this series are discussed. 

PMID: 10206559 [PubMed - indexed for MEDLINE] 
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Protein phosphatase 2A interacts with the 70-kDa S6 kinase and 
is activated by inhibition of FKBP12-rapamycinassociated 
protein. 

Peterson RT, Desai BN, Hardwick JS, Schreiber SL. 

Howard Hughes Medical Institute, Harvard University, 12 Oxford Street, 
Cambridge, MA 02138, USA. 

The FKBP12-rapamycin-associated protein (FRAP; also called 
RAFTl/mTOR) regulates translation initiation and entr y into the cell cyc le. 
Depriving cells of amino acids or treating them with the fsmdlmolecule \ 
rapamycin inhibits FRAP and results in rapid dephosphorylation and 
inactivation of the translational regulators 4E-BPl(eukaryotic initiation facto 
4E-binding protein 1) and p70(s6k) (the 70-kDa S6 kinase). Data published 
recently have led to the view that FRAP acts as a traditional mitogen-activate 
kinase, directly phosphorylating 4E-BP1 and p70(s6k) in response to mitogei 
stimuli. We present evidence that FRAP controls 4E-BP1 and p70(s6k) 
phosphorylation indirectly by restraining a phosphatase. A calyculin A- 
sensitive phosphatase is required for the rapamycin- or amino acid deprivatic 
induced dephosphorylation of p70(s6k), and treatment of Jurkat I cells with 
rapamycin increases the activity of the protein phosphatase 2A (PP2A) towai 
4E-BP1. PP2A is shown to associate with p70(s6k) but not with a mutated p' 
(s6k) that is resistant to rapamycin- and amino acid deprivation-mediated 
dephosphorylation. FRAP also is shown to phosphorylate PP2A in vitro, 
consistent with a model in which phosphorylation of PP2A by FRAP prevenl 
the dephosphorylation of 4E-BP1 and p70(s6k), whereas amino acid 
deprivation or rapamycin treatment inhibits FRAP's ability to restrain the 
phosphatase. 
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